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Abstract

The present paper applies the approach using ocean and cloud views to calibrating absolutely visible and near-in-

frared channels of the AVHRR on board NOAA-14. The results of the absolute calibration of the two channels demonstrate
that the AVHRR channels 1 and 2 sensors have been deteriorated and show a degradation 7 percent and 11 percent. respec-

tively . with respect to the preflight calibration- To verify the results of the absolute calibration. the ground measured spectral

reflecnces in desert area in China have been appled to campare with the satellite data corrected by the calibration coefficients-

Agreement within an error of measurement has been found between the ground measured reflectances and the corrected satel-

lite data for NOAA—14. Both very high and very low reflectances have been used in the calibration approach: so that the cali-

bration coefficients can be applied to the various sites with different reflective properties-
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1 INTRODUCTION

Monitoring long term variation in land and atmo-
spheric and oceanic processes is required to assess the
impact of the human activity on climate change and
other changes in the environment- To gain quantita-
tive information about the variation of the Earth the
satellite imagery is the most powerful- However. the
response characteristics of satellite radiometers in
flight are being changed due to cosmic dust impacts
on the optics and others.- Because of lack of reliable
inflight calibration devices it is difficult to calibrate
satellite sensors in the solar spectrum. Use of the
prelaunch calibration data to convert satellite mea-
sured signal to radiance can bring a certain error- As a
result there is need to develop an independent method
for inflight sensor calibration to be able to apply satel~
lite data quantitatively for a frequent survey of the
Earth-

Various calibration methods!' * have been de-
veloped for the purpose of absolute calibration of visi~

ble and néantinfrarsd’ satellive SenxorsicAlmomng ! thén
J

8]

. N 1,5.7,87 .
the most direct calibration approach[ “*lis to rely

on ground-based or aircraft measurements of the opti-
cal properties of the atmosphere and the spectral radi-
ance of the Earth surface observed by the satellite in
the same illumination and observation directions-
Those methods are relatively expensive, complex and
cannot be used to calibrate historical satellite data and
performed on a frequent basis- Moreover, the above
methods are affected by uncertainties in the calibra~
tion of the instruments that are used to calibrate the
satellite sensor- Furthermore. it is difficult to ensure
the same surface area that are observed simultaneously
by the satellite and the aircraft or ground measure-
ments because of the uncertainty of the satellite geo-
graphic registration- Also differences in the view di-
rection and uncertainty in the surface bidirectional re-
flectance can bring additional errors-

Consequently ; an alternative method for absolute
calibration, that does not require aircraft or ground
measurements, has been developed by several au-
thorsl” 1. The approach is based on the large con-
tribution (’\’80%) of molecular scattering over the o~
cean to the radiance detected by the satellite in visible
spectrum- The rest of the radiance comes from

aerosol scattering- glint of sky light. and underwater
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radiance that caused by suspending materials in the
sea- The Rayleigh scattering can be calculated pre-
cisely by radiative transfer model- The remains can be
obtained by climate data- The accuracy of the ap-
proach is limited by estimating the contribution of
aerosol scattering imprecisely- To improve the cali-
bration method over the ocean an approach of com-
bined channels!"” ") has been proposed- The ap-
proach uses both AVHRR channels 1 and 2 simulta~
neously over the ocean and over high bright clouds to
derive the AVHRR calibration of channels 1 and 2 si-
multaneously with the determination of the aerosol
loading- The accuracy of the absolute calibration can
be greatly improved by estimate of the aerosol effect
correctly -

The present paper will apply this approach of the
combined channels simultaneous over the ocean and
over high and thick cloud for absolute calibration for
AVHRR visible and near-infrared sensors on board
NOAA-14. To verify the results of the absolute cali-
bration derived by the above approach the measure-
ment data of the ground reflectance in desert area will
be used to compare with AVHRR data corrected by

the calibration coefficients-

2 SUMMARY OF THE CALIBRATION
METHOD USING OCEAN AND CLOUD
VIEWS

In the spectral range 0.6—1.0 I'm the reflective
peoperties of clouds are spectrally neutral because the
size of droplet are much larger than 1#m for the most
of clouds- Generally, water vapour and aerosol con~
centrate mainly on the lower part of the atmosphere-
Therefore, for satellite sensors, the higher cloud is.
the less influence of water vapour and aerosol above
the cloud- For higher than 10 km cloud the influence
of water vapour absorption and aerosol scattering be-
comes negligible- If clouds are thick enough the ra-
diative effect of the atmosphere and surface underly-
ing the cloud on the signal recorded by satellite can be
also neglected; Based on the above facts the apparent
reflectance of cloud observed by the satellite, °( 7).,

can be written as a function of the cloud top altitude Z

Vol. 1
for both AVHRR channels 1 and 2 as
O(Z) = Thoe [ Thor (2/2) 0( Z)
. . [
2 13 - ¢
+ T (2) T (Z) 11

(1=5u(2)0)
where i =1, 2 for the channel number- Ty is the
gaseous transmission due to ozone layer- T, is the
gaseous transmission due to oxygen- €, (Z) is the
Rayleigh reflectance due to molecules located above
Z- T,(Z) is the molecular scattering transmission-
O, is the cloud reflectance- S,(Z) is the atmospheric
albedo -

To simplify equation (1) and introduce the
degradation coefficient of the sensor r; actural re-
flectance O measured by the satellite;

o = ripi - TéozT;ox(Z)[er(Z)

; e
+1(2) I—si(pels @

In fact, the contribution of the Rayleigh scatter-
ing to signal measured by satellite is very small rela-
tive to the cloud reflectance- Therefore neglecting the
effect of calibration degradation on €, can not cause
large error- The corrected AVHRR measurements o'
of the two channels are;

o = (Mo T (2N = O(Z) 1,
l T(Z) L= S(2)6.
(3)

The correcting also for the atmospheric albedo,

S,(Z), it is found that .

'

" p
p. — - 5
Y1+ Si(2)6

Because the cloud itself is not dependent on the

= b (4)

wavelength in the range from 0.6 to 1.0"m, so.
Pl/ P; = r/ro= riz ()
For the cloudless and clear ocean the contribution
of molecular scattering is about 80% of the signal re-
ceived by satellite in visible spectrum- The rest is
mainly due to aerosol scattering- Therefore simulta-
neous use of the information from two channels can
obtain absolute calibration of channel 1 and aerosol

loading- According to the definition:

= Or/ 0 (6)
where O is the ocean reflectance derived from the

satellite data by using preflight calibration coefficient -
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01 is the true reflectance-

Giving an aerosol optical thickness and wind
speed the ocean reflectance ( ) can be calculated by
using radiative transfer model"™ "V and the geometri~
cal conditions which taken from the satellite imagery -
The difference between the true and the calculated re-
flectances is due to the unknown aerosol and wind
speed - Therefore

o= g+ o0 (7)
where 0P is a perturbation that accounts for the dif-
ference in the atmospheric conditions from the as-
sumption- The relationship between €1 and 00 is
defined by the spectral dependence of the perturbation
.

001 = T12 0P (8)
where I12is derived from simulations of the signal for
both channels 1 and 2 with aerosol optical thickness of
0.15 and 0. 05, respectively- In fact: I12 is almost
independent of the unknown parameters, e-g-, wind
speed and aerosol optical thickness- Then it can be
found that .

r= (O ez )/ (A %) (9)

Based on the Eqs- (9) and (9) the absolute cali-
bration for AVHRR visible and near—infrared sensors
can be obtained by performing radiative transfer

model and satellite imagery -

3 ABSOLUTE CALIBATION FOR AVHRR
CHANNEL 1 AND 2 ON BOARD NOAA-14

To apply the approach of the combined channels
simultaneous over the ocean and over high clouds for
absolute calibration the key is how the high thick
cloud to be selected for intercalibration between
AVHRR channels 1 and 2, and how cloud to be
screened for the clear ocean surface- If a lower and
thinner cloud has been selected the intercalibration
between AVHRR channels 1 and 2 is influenced both
by aerosol and water vapour above the cloud and by
surface and atmosphere underlying the cloud- It must
be very careful to choose .the AVHRR data for cali-
bration-

A. We adopt the following criteria for selecting

the high and thick cloud:

(a) Brightness temperature of AVHRR channel
4 must be less than 235 degK. Comparing the tem-
perature with the temperature profile of the atmo-
spheric model for the midlatitude summer one can
find that the cloud extends to above 10 km height and
that the cloud layer is thick-

(b) The visible reflectance measured by AVHRR
channel 1, O (use of preflight calibration coeffi-
cient ), is higher than 0.50. This means that a bright
cloud is chosen-

(¢) The ratio of the reflectances derived from
AVHRR channels 1 and 2. €7/ 0%, is less than 1.
12. The smaller the ratio iss the less influence of
aerosol and water vapour above the cloud-

According to the above criteria the AVHRR 1B
data dated 3rd September 1995 was selected for abso-
lute calibrations- In order to consider the cloud as a
Lambertian reflector it needs to be located as close to
the nadir as possible-

We use the fast and simplified 9S code to calcu-
late the Reyleigh scattering: ozone and oxygen ab-
sorption, and the atmospheric spherical albedo for
AVHRR channels | and 2, respectively - Based on the
equation (9) we find rizis 1. 045 for the AVHRR on
board NOAA-14.

B- In the present paper we use the following cri-
terial"™ for selecting cloudless and clear ocean sur-
face .

(a) P<<0.05. As we know » the cleaner ocean
water is, the less reflectance of AVHRR channel 1.
The reflectance of the channel 1 for cloud and land
surface. generally . is much higher than 0.05.

(b) Ty = 290 degK- The temperature of
cloud, in general. is lower than surface temperature,
especially for high cloud- Although the island and
land is warmer than water in that time, the re-
flectance for the former is much higher than the later-
Therefore we could distinguish between water and
land or clouds-

(¢) 1.75=201/<<2.0. This ratio is apprecia
bly greater than unity when there are no, clouds pre-
sent within the field of view of the sensor; on the

other hand, when clouds are present this ratio tends
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to be very close to or slighly less than, unity-

(d) The standard deviation of a 3 pixel by 3
pixel array composed of brightness temperatures of
channel 4 is less than a threshold: 0.2 degK. The
idea is that the variability of brightness temperature
over a cloud contaminated pixel array should be
higher than for clear pixel array- It is very useful for
the delineation of limits between land and sea-

Based on the above criteria the ocean located at
35.466°N, 63.656°E is selected as cloudless area- As
we know, that area is relatively pollution free, far
from sources of dust. smoke or anthropogenic pollu-
tion- The reflectances for AVHRR channels 1 and 2
can be derived from the satellite data for this area-

Then, the fast and simplified 9S code is adopted for

calculating the reflectance for model atmosphere in
the same geometrical condition for the sun and ob-
server as that recorded by the satellite-

From Eqs- (9) and (5) we find r1= 0.93, r2
= 0.89. The value of r1is much greater than the
value of the NOAA-11 AVHRR in the first two

years[ls] .

4 DISCUSSION OF THE RESULTS

The calibration correction coefficients 0. 93 and
0.89 have been obtained for AVHRR channels 1 and
2, respectively. It is rather difficult to find the ap-
propriate measured data to verify above results be-

cause the calibration study for sensors on satellites

Table 1 Reflectances of ground measurements and reflectances invented from the NOAA-14 AVHRR channels 1 and 2 by using the

preflight and the corrected calibrations

Sourcec of Longitude Solar zenith wavelength (nm)
data and latitude angle 555 | 571 | 630 | 681 | 750 838 | 880 | 913 | 936
Ground 94.703 °F p— reflectances ( /0)
o <O
mean value 36.383 °N 23.033 | 24.593 | 27.275 | 27.849 | 29.815 | 30.027 | 29.747 | 29.456 | 29.060
preflight 94.720°E 5 20.889 23.248
36, 386° 34.50
corrected 000 N 22.591 26.162
N preflight 94.711°E 5 20.888 23.408
0 36,3857 34.50 -
A | corrected 0O N 22.590 26.335
/‘* preflight 94.702°F . 20. 887 23.407
14 | corrected 36.383 N 22.589 26.334
preflight 94.693°E 5 20.886 23.715
36, 382° 34.50
corrected ' N 22.588 26.681

% Ground data measured in Ge Ermu desert on 27 and 28 June 1994

% % NOAA-14 data is on 3 September 1995
have not been performed by using of field measure-
ments in China- The spectral reflectances measured in

desert area of Chinal""

may be applied to compare
with satellite data corrected by our calibration coeffi-
cients- In order to invert the satellite data to the sur-
face reflectivities the atmospheric correction has to be
done by using of the meteorological parameters listed
in [19]. Table 1 shows that the ground measured
spectral reflectances and data corrected by atmospher-
ic effects from NOAA-14 AVHRR channels | and 2
that inverted botn by the preilight”calibration and by

our calibration, respectively- It needs to be assumed

that the desert reflectances are not changing in time
because the two different time data sets are adopted-
From the table we can see obviously that there are
some disagreement between the ground measurements
and the satellite data corrected by our calibration coef -
ficients- These errors may come mainly from different
spectral bandwidth and responsibility and from the
field measurement errors- The reference reported

that for 9 measured sites (27 sets of measurements)

* RIS TR AR SR IE 5 % R IE AL, A B I TR R A
1B SRR, o [ R Ik T B A R LE 3 25 AR T 2 - 1994, 10.
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the error (r-m-s-) are 2. 801% at 630nm and 3.
157% at 838nm. respectively - Moreover, there are
some errors within the measurements (e- g-: the
standard reference white board is not good Lamber-
tian reflector; some dust contaminated the standard
white board during the measurements, etc-)- Also
some errors exist in the approach for inflight calibra-
tion- From theoretical calculation the total error (r-
m-s- ) of the calibration approdch is less than 5% for
AVHRR channel 1. Of course, it can introduce cer-
tain error if no enough satellite data could be selected -

Both very high and very low reflectivities (high
cloud and ocean) have been used in the calibration ap-
proach, so that the calibration corrected coefficients
can be applied at the various sites with different re-
flective properties (e-g-» forests, snow, etc-) with-

out any trouble-

> CONCLUSION

The results presented in this study clearly
demonstrate that the use of combined channels ap-
proach simultaneous over high cloud and over cloud-
less ocean is valid for calibration of AVHRR channels
1 and 2 on board NOAA-14. In comparison with sin-
gle channel the accuracy of calibration can be im-
proved greatly by use of the combined channels be-
cause the one of the channels can be used to correct
the unknown aerosol effects: The agreement with
certain error (<2O%) between the satellite data cor-
rected by our calibration corrected coefficients and the
field measured data in desert area has been found even
though there are some different properties between
ground measurements and satellite data- The calibra-
tion corrected coefficients can be applied to the vari-
ous targets with quite different reflective properties
without any correction for nonlinearity of the sensors
because both high and low radiative signal are used in
the calibration method. The calibration approach is
independent on the simultaneous ground or aircraft
measurements in the same geometrical conditions as
that for satellite observations- Therefore it is not enly
inexpensive in cost and easier in performance but also

able to calibrate the historical satellite data with very

high accuracy -
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